Using cyclic voltammetry, Raman scattering and infrared (IR) spectroscopy, new findings concerning the electrochemical synthesis of composites based on multi-wall carbon nanotubes (MWNTs) and polypyrrole (PPY) doped with H 3 PMo 12 O 40 heteropolyanions are described in this report. To better understand the electrochemical mechanism behind the synthesis of these composites, the influence of the concentrations of pyrrole and the electrolytes of H 3 PMo 12 O 40 and H 2 SO 4 on the cyclic voltammogram profile is studied. The formation of PPY doped with H 3 PMo 12 O 40 heteropolyanions onto the MWNT surface is demonstrated by complementary studies of Raman scattering and IR spectroscopy.
INTRODUCTION
The interest in conjugated polymers doped with heteropolyanions of Keggin acids dates back to 1995 when the first strategies for the chemical polymerization of pyrrole in the presence of phosphomolybdic acid (H 3 PMo 12 O 40 ) were established.
[1] This method was later used for the chemical synthesis of other conjugated polymers, such as polyaniline [2] and poly (3,4-ethylenedioxithiophene) [3] . The development of new synthetic methods, such as the vapor transport of monomers over carbon paper [4] and the electrochemical polymerization of monomers [5] in the presence of oxidative solutions of heteropolyacids, have enabled the use of polypyrrole doped with heteropolyanions of H 3 PMo 12 O 40 (PPY-PMo12) in a wide range of applications, including as active electrode materials in the supercapacitor field [4, 5] , in the amperometric detection of catecholamines [6] , as a nitric oxide sensor [7] and as an electrochemical sensor for the folic acid detection [8] . Beginning in 2005, special attention was given to the composite materials of conjugated polymers doped with heteropolyanions of Keggin acids and carbon nanoparticles, such as carbon nanotubes and graphene [9, 10] . The achievement of new composites of the type PPY-PMo12/carbon nanoparticles was demonstrated by applications in the fields of the sensitive determination of folic acid [10] , photocatalysis [11] and the electrocatalytic reduction of bromate [12] . Despite this progress and the best efforts of the authors, there is no systematic study on the electrochemical polymerization process of composites based on PPY-PMo12 and carbon nanotubes. Therefore, in this paper, attention will be focused on the influence of the conditions imposed on the electrochemical synthesis of composites based on PPY-PMo12 and multi-walled carbon nanotubes (MWNTs) and the cyclic voltammogram features that describe this process, as well as the vibrational properties of these materials.
EXPERIMENTAL
The chemical compounds required in this study, i.e., pyrrole, H 2 SO 4 and H 3 PMo 12 O 40 ·xH 2 O, were purchased from Sigma-Aldrich.
The electropolymerization of pyrrole in the presence of H 3 PMo 12 O 40 ·xH 2 O was performed by cyclic voltammetry using a gold plate or a gold support covered with a MWNT film (with a thickness of 100 nm) as the working electrode. The electrochemical cell contained three electrodes, i.e., the wording electrode, the counter electrode consisting of a Pt wire and a saturated calomel electrode (SCE) as the reference electrode, and was connected to a potentiostat/galvanostat (Voltalab 80 from Radiometer Analytical) to record the cyclic voltammograms reported in this work. All voltammograms were recorded in the potential range (-0.2; +0.8) V vs. SCE with a sweep rate of 100 mV s -1 .
The Raman spectra of MWNTs, PPY-PMo12 and the PPY-PMo12/MWNTs composites were recorded using a Raman spectrophotometer (T64000 model from Horiba Jobin Yvon), which utilized an Ar laser. The Raman spectra of pyrrole and the MWNTs functionalized with pyrrole were recorded using an FT Raman spectrophotometer (RFS100S model from Bruker).
The IR spectra of PPY-PMo12 and the PPY-PMo12/MWNTs composites were recorded using a FTIR spectrophotometer (Vertex 70 model from Bruker). In all six cases, the cyclic voltammograms show in the potential ranges (-0.2; 0), (0, +0.25) and (+0.25; +0.5) V three oxidation maxima labeled A 1 , B 1 and C 1 that are accompanied by three reduction maxima designated A 2 , B 2 and C 2 , respectively. In Table 1 , the variation in the oxidation and reduction potentials in the case of the second and 25 th cyclic voltammograms is given for the six cases shown in Figure 1 . According to Figure 1 and Table 1 , with increasing cyclic voltammogram number from 2 to 25, one observes an increase in the oxidation and reduction current densities, as well as the separation potential of the anodic and cathodic peaks. This fact indicates that the deposition of PPY took place on the blank Au electrode and the Au plate covered with a MWNT film. In the case of the blank Au support, with increasing pyrrole concentration in the solution of 0. Tables 2 and 3 give the changes in the potentials of the anodic and cathodic peaks (E pa and E pc ) with increasing concentrations of H 3 PMo 12 O 40 and H 2 SO 4 in the synthesis solutions of PPY and its composites with MWNTs. According to Table 2 Figure 2 and Table 2 . Figure 3 and Table 3 are relevant in this sense. 
RESULTS AND DISCUSSION
Information about the vibrational properties of the composite material is further shown by Raman scattering and IR spectroscopy. Figure 4a shows the Raman spectrum of PPY-PMo12. In the spectral range 800-1750 cm (Figure 4a ) to 931 and 984 -976 cm -1 ( Figure   4c) ; ii) the change in the ratio of the Raman lines at 931 and 984 -976 cm -1 from 1:1 (curve 1 in Figure   4c ) to 2:1 (curve 2 in Figure 4c) ; and iii) the downshift of the Raman lines attributed to the vibrational mode in-plane symmetric bending of the polaron structure and C  =C  stretching + C  =C  intra-ring + C  -C ' inter-ring stretching, from 1059 and 1603 cm -1 (Figure 4a ) to 1055 cm -1 (curve 1 in Figure 4c) or 1051 cm -1 (curve 2 in Figure 4c ) and 1596 cm -1 (Figure 4c ), respectively. These changes clearly reveal that a chemical reaction between PPY or its precursor, namely, pyrrole molecules, and MWNTs took place during the electrosynthesis of the composite material. The information concerning the presence of the H 3 PMo 12 O 40 heteropolyanions in the composite mass is shown in Figure 5 . ii) The electropolymerization reaction of the pyrrole in the presence of H3PMo12O40 , H2SO4 and MWNTs is preceded by a chemical reaction between pyrrole and MWNTs molecules, which leads to a covalent functionalization process of MWNTs with pyrrole molecules. Using Raman scattering and IR absorption spectroscopy, we demonstrate that the composite obtained by the electrochemical polymerization of pyrrole in the presence of H 3 
